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HELITRONS constitute a major superfamily of transposons discovered recently by a computational analysis of genomic sequences from Arabidopsis, rice, and C. elegans (KAPITONOV and JURKA 2001) . These presumed class II elements, unlike most other elements in that class, are postulated to transpose by a copy-and-paste mechanism. The absence of target site duplications and the homology of the putative transposase encoded by the "consensus" autonomous element to the transposase of bacterial rolling circle (RC) transposons (MENDIOLA and DE LA CRUZ 1992) led Kapitonov and Jurka (2001) to postulate that Helitrons transposed by a RC replication, rather than an excision-repair, mechanism. Helitrons appear to be ubiquitous components of eukaryotic genomes, as they have been found in organisms ranging from fungi to vertebrates, including mammals (POULTER et al. 2003; PRITHAM and FESCHOTTE 2007) . However, there is at present no evidence for an autonomous Helitron element or a transposition mechanism in any organism.
Helitrons have few constant structural features. They have conserved 5'-TC and CTRR-3' termini, carry a 16-to 20-bp palindrome of variable sequence about 10 to 12 bp upstream of the 3' terminus, and insert invariably between host nucleotides A and T. The reconstructed putative autonomous elements in Arabidopsis and rice are large (5.5 to 15 kb) and encode proteins with homology to a DNA helicase and an RPA-like ssDNA-binding protein (KAPITONOV and JURKA 2001) . A recently described 11.5-kb Helitron in Ipomoea carries both of these genes, but with prematurely terminating mutations in each (CHOI et al. 2007) . The vast majority of Helitrons in Arabidopsis and C. elegans are shorter nonautonomous elements that do not encode proteins. Like other transposons, Helitrons can be mutagenic and have been reported in spontaneous mutations in maize (LAL et al. 2003; GALLAVOTTI et al. 2004; CHUCK et al. 2007) and morning glory (CHOI et al. 2007) . The mutagenic maize Helitrons are large and have captured fragments of several unrelated genes. The Helitrons that contribute to the apparent breakdown in genetic colinearity among bz haplotypes (FU and DOONER 2002) are also large and carry sequences from yet other genes (LAI et al. 2005; MORGANTE et al. 2005) . In fact, the diversity of element complement is greater in maize than in other plant species (HOLLISTER and GAUT 2007; SWEREDOSKI et al. 2008) . Smaller Helitrons lacking gene fragments and resembling the agenic Helitrons of Arabidopsis and C. elegans were recently identified in maize from a vertical comparison of 8 bz haplotypes (WANG and DOONER 2006) . In spite of the extensive Helitron insertion polymorphisms found in maize and other species, an actual Helitron transposition event has yet to be reported.
Somatic excision of the 6.0-kb HelA2 Helitron in 5S. Several Helitrons are polymorphic among 9S bz haplotypes (WANG and DOONER 2006) . The simplest explanation for the +/-polymorphism is that the unoccupied site was never visited. Nevertheless, because the actual mechanism of transposition of Helitrons is not known, the site lacking a Helitron has been referred to as "vacant" to distinguish it from the footprint-bearing "empty sites" produced by the excision of most class II DNA transposons (LAI et al. 2005) . Helitron HelA1 is 5.8 kb long, contains sequences for three genes, and is found only in the McC and W22 bz haplotypes . A nearly identical copy of HelA1, designated HelA2, is found in 5S in inbred lines B73, McC, W22, A188, A636, B73, H99, M14, Mo17, and BSSS53, but not W23.
Thus, most of the Corn Belt lines examined lack the HelA copy in 9S and only have the one in 5S (LAI et al. 2005; WANG and DOONER 2006) . RC transposons are not supposed to excise (DEL PILAR GARCILLAN-BARCIA et al. 2002) , so lines carrying HelA2 in 5S are not expected to produce PCR products equivalent to transposon "empty" sites. We tested this prediction in DNA from different inbreds by performing nested PCR with various combinations of primers flanking HelA2 ( Figure 1A ). Unexpectedly, we obtained PCR products of a size similar to excision empty sites in some of the inbreds that carry HelA2 in 5S. One set of results is shown in Figure 1B , where M14 displays an ~1-kb empty-site-sized PCR band that also hybridizes to a probe from a HelA2-adjacent sequence present in single copy in the maize genome (data not shown). Other inbreds, e.g. A188 and B73, gave empty-site-sized bands with other primer combinations. This difference among inbreds could reflect variability in HelA2 excision activity and/or polymorphisms for the primer sites, which were based on the sequence of B73 (LAI et al. 2005) .
To investigate the nature of these putative excision products, the PCR bands from various inbreds (B73, A188, BSSS53, Mo17, M14, and H99) were cloned and sequenced ( Figure 1C ). Interestingly, all HelA2 excision site footprints consisted of a variable number of TA repeats (16-24) at the previous site of HelA2 insertion. The sequence adjacent to HelA2 is TArich and consists of a string of (TA/G) repeats at the 3' end. The sequences in Figure 1C are clearly empty sites derived from previous sites of HelA2 insertion because they differ from each other by the same SNPs that distinguish the parental HelA2 insertion sites (located beyond the sequences shown in Figure 1C ). Oligo-TA stretches were also found recently adjacent to TAFT elements, novel transposons which do not appear to be related to Helitrons, but rather to elements of the Mutator superfamily (WANG and DOONER 2006) Figure 2 shows PCR and sequence data documenting that Hel1-4 can excise from tac6058 in H99. Figure 2D presents the sequence of two empty sites, one without an excision footprint and one with a simple A to G transition at the "universal" AT dinucleotide insertion site.
Polymorphisms beyond the tac6058 empty sites shown in Figure 2D were identical with those of H99. Thus, inbred H99 has the ability to excise both large and small Helitrons of the Hel1 family (DOONER et al. 2007 ).
Somatic excision of a 2.8-kb Helitron from 10L. Several putative maize Helitrons were identified recently in the GenBank nr database (DU et al. 2008). Primers flanking the
putative Helitrons were used to analyze a panel of maize inbreds and the PCR products were sequenced in order to identify +/-polymorphisms. One such polymorphism was identified for a 2.8-kb putative Helitron in 10L, with inbreds W22 and W23 lacking the insertion. In addition to the occupied site, B73 gave a faint empty-site-sized PCR product that lacked a footprint and was otherwise identical to the sequence flanking the insertion in the BAC (DU et al. 2008) . Lack of sequence polymorphisms in the adjacent sequences prevented the authors from excluding the possibility that this PCR product arose from DNA contamination in the B73 DNA preparation.
However, considered against the data presented here, it is very likely that this band represents a Hel somatic excision product. Whether empty Helitron sites have or lack footprints may depend on the nature of the adjacent sequence.
Conclusions.
The data presented here clearly establish that Helitrons can excise somatically from their chromosomal sites, suggesting that, like Tn7 and Mutator (WALBOT and RUDENKO 2002) , they may exhibit both replicative and excisive modes of transposition. Helitron excision activity was detected in some lines, but not others, so it may be a polymorphic trait in maize. When present, the excision activity (excision band intensity) varies among lines. A screen for Helitron excision from an aleurone-pigmenting reporter construct would be valuable in tracking this activity. Two lines carrying Helitrons at more than one site, B73 and H99, produced empty sites for both, supporting the notion that the Helitron empty sites 6 represent a general Helitron excision mechanism, rather than an unusual property of the adjacent sequences.
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